Introduction
. Table I .
Collections newly sequenced in this study and their GenBank accession numbers
Sequence alignment, dataset assembly and phylogenetic analysis Phylogenetic hypotheses were constructed with Bayesian inference (BI) and maximum likelihood (ML) criteria. The BI was performed with MrBayes 3.1.2 (Huelsenbeck and Ronquist 2001) with four incrementally heated simultaneous Monte Carlo Markov chains (MCMC) run for 10 000 000 generations, under the selected evolutionary model. Trees were sampled every 1000 generations, resulting in overall sampling of 10 001 trees; the first 2500 trees (25%) were discarded as burn-in. For the remaining trees, a majority rule consensus tree showing all compatible partitions was computed to obtain estimates for Bayesian posterior probabilities (BPP). ML estimation was performed with RAxML 7.3.2 (Stamatakis 2006) with 1000 bootstrap replicates (Felsenstein 1985) using the GTRGAMMA algorithm to perform a tree inference and search for optimal topology. Support values from bootstrapping runs (MLB) were mapped on the globally best tree using the "−f a" option of RAxML and "−X 12345" as a random seed to invoke the novel rapid bootstrapping algorithm.
BI and ML analyses were run on the CIPRES Science Gateway web server (Miller et al. 2010 ).
Only BPP values exceeding 0.75 and MLB over 50% are reported in the resulting tree ( Fig. 1) . Branch lengths were estimated as mean values over the sampled trees. Pairwise percent identity values of ITS sequences were calculated with MEGA 5.10 (Tamura et al. 2011).
Results

Molecular analysis
Amplification and sequencing were successful for all specimens selected for molecular study (Table  I) , with the exception of the holotype of X. ichnusanus, which was too old and in poor condition. The combined data matrix (focused on the Hypoboletus group) comprised 82 sequences (including 51 from GenBank and three from UNITE) corresponding to 23 taxa. Both Bayesian and maximum likelihood analyses produced the same topology; therefore only the Bayesian tree with both BPP and MLB values is shown (Fig. 1) . The eight newly sequenced collections of X. ichnusanus clustered with a sequence of X. ichnusanus from UNITE (UDB000464, Italy, Campania Region, MCVE 18253) forming a clade (Alessioporus) with 100% branch support in both MP and BI trees. The pairwise identity value of the ITS sequences of the entire Alessioporus clade is 98.6%. The five newly sequenced collections of X. roseoalbidus clustered with a sequence of X. roseoalbidus from UNITE (UDB000486, Italy, Calabria Region, MCVE 18144) forming the well supported Pulchroboletus clade (BPP = 1; MLB = 100). The pairwise identity value of the ITS sequences of the entire Pulchroboletus clade is 99.3%. The Alessioporus clade was sister to a clade consisting of the Pulchroboletus and the Hemileccinum clades.
Taxonomy
Alessioporus Gelardi, Vizzini & Simonini, gen. nov.
MycoBank MB808529
Diagnosis: Basidiomes pileate-stipitate with tubular-poroid hymenophore, epigeal, small to medium-small; pileus tomentose to glabrous, dry, with a wavy-lobed margin when young, ochraceous-brown, dark olive-brown to copper-brown with brownish black fibrils; hymenophore adnate to depressed around the stipe, bright yellow to olive-green; stipe surface reticulate to coarsely ribbed or occasionally smooth, often exhibiting a prominent narrow pseudo-annulus generally in the middle or lower part of the stipe, which is reminescent of the junction point of pileus and stipe resulting from a secondary angiocarpy (mixangiocarpy) at the very early developmental stage, rooting at the base; context whitish to yellowish but darker downward; tissues quickly discoloring dark indigo blue when handled or injured; flavor mild; spore print olive-brown; basidiospores smooth, ellipsoidal to ellipsoidal-fusoid; cystidia cylindrical-fusi-form to ventricosefusiform or lageniform; pileipellis a trichoderm of interwoven, filamentous hyphae; hymenophoral trama bilateral-divergent of the "Boletus-type"; with a lateral stipe stratum of the "boletoid type"; clamp connections absent; growing gregarious to more often caespitose or branched with up to 12 basidiomes arising from a common base and occasionally with secondary fruiting bodies emerging from the stipe of adjacent basidiomes.
Type species: Xerocomus ichnusanus Alessio, Galli & Littini.
Etymology: Named in honor of the late Carlo Luciano Alessio, who first described the species and dedicated most of his mycological studies to the investigation of Italian boletes. Basidiomes small to medium-small. Ontogenetic development secondary angiocarpic. Pileus (2-)3-11(-13) cm diam, at first hemispherical then convex and finally pulvinate-flattened to vaguely depressed at center, moderately fleshy, firm at the beginning but progressively softer with age; margin initially coalescent with the stipe cortex but soon disrupting and curved downward, typically wavy and lobed until maturity, then progressively expanding and regular or uplifted, not or only slightly extending beyond the tubes; surface matt, dry, finely tomentose to glabrous, not areolate; cuticle ochreous (5C8-5D5), ochraceous-brown (6D8-6E5) to brownish olive-gray (5E8-5F4, 6F8-6F4), sometimes with copper red hues (7-8D7 to 7-8F8), evenly ornamented with radially arranged, brownish or dark brown to nearly blackish brown fibrils; slowly and barely darkening on handling and finally becoming sordid blackish brown (5F2, 5-6F3, 7-8F3 to 7-8F6); subcuticular layer whitish. Tubes at first thin then broader and usually as long as the thickness of the pileus context (up to 1 cm long), adnate to depressed around the stipe apex and shortly decurrent with a tooth, bright yellow (3A7, 3A8) to olive yellow (3B8-3D7) and finally olive green (3E7, 3E8), bruising blue when cut. Pores initially even, later with a convex surface, small at first then gradually wider (up to 0.2 cm diam), simple, roundish to angular, concolorous with tubes, turning blue when bruised and eventually fading to drab brown, at maturity with russet-brown stains at the pore edge. Spore print olive-brown. Stipe (3-)4-11(-13) × 1-3(-5) cm, as long as or a little longer than the pileus diameter at maturity, central to slightly off-center, solid, firm, dry, straight to curved or sinuous, initially ventricose-fusiform then cylindrical or rarely enlarged downward or faintly clavate but usually attenuate at the apex and always tapering at the base, moderately to strongly rooting; surface covered with a rough and longitudinally stretched reticulum or coarsely ribbed lengthwise or rarely appearing smooth throughout, exhibiting a prominent but narrow granular pseudo-annular zone in the lower or middle part, the latter only occasionally being absent, smooth in the lower quarter; yellowish cream (4A8-4B6) then yellowish brown in age (5-6C8 to 5-6D6) but of a brighter yellow at apex and on ribs (3A7, 3A8), dark red (9D8-9D6), reddish brown (8D8-8D6) to brown (8-9E8 to 8-9E5) in the lower half and gradually darker toward the base, bruising blue then sordid blackish brown when pressed; basal mycelium whitish gray. Context firm and tough when young, later soft in the pileus, up to 2 cm thick in the central zone, a little more fibrous in the stipe, whitish in the pileus (2-3A2) but sometimes pinkish below the cuticle (6-7A2), yellowish (2-3A3 to 2-3B3) in the stipe but gradually darker (2-3A4 to 2-3B4) downward, rhubarb red to brownish black (10-11D8 to 10-11F7) at the base; immediately turning blue throughout after sectioning and finally fading to drab yellowish; yellowish orange to rusty red or brown where eaten by slugs and with pinkish hues where eroded by maggots; subhymenophoral layer pale yellowish; dried material with brownish pileus and hymenophore, dirty yellow to ochraceous elsewhere. Odor faintly fruity, agreeable. Flavor mild.
Basionym: Xerocomus ichnusanus
Macrochemical reactions
NH4OH: staining rusty brown on hymenophore, no reaction elsewhere. KOH: staining dark red on pileus, dark reddish brown on hymenophore and stipe, pinkish on pileus context, orange on stipe context but reddish brown at the base. FeSO4: staining pale yellow on context, no reaction elsewhere; weak "fleeting-amyloid" reaction observed with Melzer's solution on hymenophoral trama.
Basidiospores [474/24/14] (12.0-)13.3 ± 0.8 (-14.0) × (5.5-)5.7 ± 0.3(-6.5) μm, Q = (2.19-) 2.36 ± 0.12(-2.59), V = 226 ± 34 μm 3 , inequilateral, ellipsoidal to ellipsoidal-fusoid or subcylindrical in side view, ellipsoid in face view, smooth, with a pronounced apiculus and shallow suprahilar depression, with rounded apex, moderately thick-walled (0.5-1.0 μm), straw yellow-colored in water and KOH, having one, two or more frequently three large oil droplets when mature, inamyloid to weakly dextrinoid, acyanophilic and showing a faint metachromatic reaction. Basidia (29-)31-40(-51) × (8-)10-12 (-16) μm (n = 30), cylindrical-clavate to clavate, moderately thickwalled (0.5-1.0 μm), predominantly four-spored but also 3-, 2-, or 1-spored, with relatively long sterigmata (3-6 μm), hyaline to pale yellowish and containing straw-yellow oil guttules in water and KOH, without basal clamps; basidioles subclavate to clavate, about the same size as basidia. Cheilocystidia (35-)37-61(-65) × 7-11 μm (n = 17), common, projecting straight to sometimes flexuous, cylindrical-fusiform to ventricose-fusiform or otherwise lageniform, with long neck and rounded tip, smooth, moderately thick-walled (0.5-1.0 μm), hyaline to pale yellowish or rarely brownish yellow in water and KOH, straw yellow (inamyloid) in Melzer's, without epiparietal encrustations. Pleurocystidia (38-)45-70(-80) × 8-13 μm (n = 29), frequent, color, dimensions, shape and chemical reactions as in cheilocystidia; pseudocystidia not observed. Pileipellis a trichoderm consisting of strongly interwoven, filamentous and sinuous, often branched hyphae not constricted at septa, tending to be repent in the outermost layer and thus turning into a cutis partially embedded in gelatinous matter; terminal elements [182/20/9] (42.0-)46.4 ± 3.9(-54.5) × (7.5-)8.2 ± 0.4(-9/0) μm, Q = (5.30-)5.90 ± 0.57(-7.12), cylindrical, apex rounded-obtuse, usually enlarged and with occasional protrusions, moderately thick-walled (up to 1 μm), nearly hyaline to pale yellowish in KOH, smooth or seldom ornamented with subtle granular epiparietal encrustations; subterminal elements similar in shape, color and dimensions to terminal elements. Stipitipellis a texture of slender, loosely intermingled and longitudinally running, smooth-walled, adpressed hyphae, 3-11 μm across, hyaline in water and KOH; the stipe apex covered by a well developed caulohymenial layer consisting of sterile caulobasidioles, fertile spore-bearing caulobasidia and scattered projecting caulocystidia similar in shape, color, dimensions and chemical reactions to hymenial cystidia. Lateral stipe stratum under the caulohymenium present and well differentiated from the stipe trama, of the "boletoid type" at the stipe apex a 50-130 μm thick layer consisting of divergent, inclined and running toward the external surface, loosely intermingled and unbranched or sparingly branched hyphae remaining separate from each other and embedded in a gelatinous substance; the stratum reducing during development and finally disappearing at maturity. Stipe trama composed of densely arranged, subparallel to loosely interwoven, filamentous, smooth, inamyloid hyphae, 5-15 μm broad, hyaline to pale yellowish in water and KOH. Hymenophoral trama bilateral-divergent of the "Boletus-type", with moderately to distinctly divergent and loosely arranged, gelatinized hyphae, lateral strata hyphae in transversal section remaining separate and (2-)4-7 μm apart, hyaline in water and KOH, inamyloid in Melzer's; lateral strata 30-50 μm thick, mediostratum 15-20 μm thick, consisting of a tightly adpressed, not gelatinized bundle of hyphae, 2-13 μm wide; in Congo red the mediostratum is darker than the lateral strata; oleiferous hyphae present. Basal mycelium consisting of subparallel to loosely intermingled, densely arranged, unbranched, filamentous, sinuous, inamyloid, smooth-walled hyphae, 2-10 μm broad, wall up to 1.0 μm thick, hyaline to yellowish in water and KOH. Clamp connections absent in all tissues. Hyphal system monomitic. Edible. Alessioporus ichnusanus is a medium-small species, exhibiting an ochraceous-brown to dark olivaceous-brown fibrillose pileus, sometimes with copper red hues and a wavy margin at least in young specimens, a yellow to olive colored hymenophore and a stout, deeply rooting stipe covered with a rough and darker net that is rarely absent, as reported by Chevtzoff (1998), Taylor et al. (2001, 2002) and Galli (2007 Galli ( , 2013 , bright yellow at the apex, dark red-brown to blackish brown elsewhere and with a whitish gray basal mycelium. The context is whitish in the pileus, yellowish in the stipe with reddish shades, purplish red to brownish black at the base, turns uniformly blue on exposure, as do the external surfaces after injury or bruising. Such strong discoloration, caused by auto-oxidation, is unlike the light blue staining of most Xerocomus species ( 
MycoBank MB808531
Diagnosis: Differing from Alessioporus by the pastel pink, cream-pinkish to whitish pink or rarely blood red pileus surface, the smooth to densely punctuate stipe surface, rarely with a coarse reticulum, the pseudo-annulus usually located in the upper or middle part of the stipe, the pinkish lilac context of the pileus and unique ITS, LSU and tef-1α sequences.
Type species: Xerocomus roseoalbidus Alessio & Littini.
Etymology: the epithet "pulchroboletus" (pulchro = beautiful) is derived from Latin and refers to the dramatic tints of the basidiomes. 
Basidiomes small to medium small
Ontogenetic development secondary angiocarpic, Pileus (1-)2-10(-12) cm diam, at first hemispherical then persistently convex and finally pulvinate-flattened to vaguely depressed at center, moderately fleshy, firm when young but progressively softer with age; margin initially involute and coalescent with the stipe cortex but soon disrupting and curved downward, then progressively expanded or uplifted, regular to faintly sinuate or lobed, not or only slightly exceeding beyond the tubes (up to 0.1 cm); surface mat, dry but slightly greasy in moist weather, finely tomentose but becoming glabrous in aged specimens, not areolate; cuticle at first pastel pink (7A4-7C3, 8A4-8C3, 9A3-9B2), gradually bleaching to pale pink (10-12A3 to 10-12A2, 13-15A2), cream-pinkish (6A4, 6A3), pinkish beige (6-7B3 to 6-7C2) or whitish pink (5-6-7A2), sometimes with darker pigmented, pinkish purple areas or spots (10-11C5 to 10-11D4), occasionally uniformly blood red or vinaceous red (8-10C8 to 8-10C7, 10-11D8 to 9-11E7); nearly unchangeable or staining deep purple-red when rubbed, bluish when injured; subcuticular layer pinkish purple. Tubes at first thin then increasingly broader and usually longer than pileus context thickness (up to 1.8 cm long), adnate to depressed around the stipe apex and shortly decurrent with a tooth, at times subdecurrent, bright yellow (3A7, 3A8) to olive yellow (3B8-3D7) and finally olive green (3E7, 3E8), bruising blue on cutting. Pores initially forming a flat surface, later convex, small at first then distinctly wider (up to 3 mm diam), simple, roundish to angular, concolorous with tubes, turning blue on bruising and eventually fading to drab brown, at maturity with russet-brown stains at the pore edges. Spore print olive-brown. Stipe (2-)3-9(-11) × (0.5-) 1-3(-7) cm, as long as or a little longer than pileus diameter at maturity, central to slightly off-center, solid, firm, dry, straight to curved or sinuous, generally narrowing downward, rarely cylindrical, ventricose-fusiform or flattened, occasionally subclavate but always pointed at the base, conspicuously rooting; surface smooth to fibrillose, without reticulum or only sporadically with a rough, elongated net, with a prominent but narrow granular pseudoannular zone in the middle or upper part, such ornamentation being sometimes undetectable; bright yellow at apex (3A7, 3A8), yellowish elsewhere (4A6, 4A3) but covered with fine and scattered, reddish to purple-red punctuations, more pronounced toward the base, reddish brown (8-9D8 to 8-9E7) at the base in old basidiomes, bruising blue then sordid blackish brown on handling; basal mycelium whitish. Context firm and tough in youth, later soft in the pileus (up to 2.3 cm thick in the central zone), more fibrous in the stipe, pinkish lilac (12-14B4 to 12-14B2) in the pileus, particularly bright beneath the cuticle and above the tubes, yellow (2-3A2 to 2-3A3) in the stipe but gradually darker (2-3A4) downward; immediately turning blue in the stipe and above the tubes but nearly unchangeable in the rest of the pileus when exposed to air, after several hours fading to cream-yellowish in the pileus and dirty ochraceous in the stipe; reddish purple where eaten by slugs in the pileus and with pinkish purple hues in tissues eroded by maggots; subhymenophoral layer pinkish lilac; dried material with whitish pink pileus and brownish hymenophore, reddish brown on stipe, dirty yellow to ochraceous on context. Odor faintly fruity, agreeable. flavor mild.
Macrochemical reactions: NH4OH: staining rusty brown on hymenophore, orange on stipe surface, none elsewhere (the pinkish lilac tint in pileus context is bleached away); KOH: staining dark red to reddish brown on pileus and stipe, dark reddish brown on hymenophore, pinkish on pileus context, orange on stipe context but reddish brown at the base; FeSO4: staining pale olive-green throughout; weak "fleeting-amyloid" reaction observed with Melzer's solution on hymenophoral trama.
Basidiospores [361/20/12] (13.5-)14.7 ± 0.8 (-16.0) × (6.5-)6.8 ± 0.3(-7.5) μm, Q = (1.97-) 2.17 ± 0.11(-2.30), V = 359 ± 39 μm 3 , inequilateral, broadly ellipsoidal to less frequently ellipsoid-fusoid in side view, broadly ellipsoid in face view, smooth, with a pronounced apiculus and shallow to moderately marked suprahilar depression, with rounded apex, moderately thick-walled (0.5-1.0 μm), straw-yellow colored in water and KOH, having one, two or more frequently three large oil droplets when mature, inamyloid to moderately dextrinoid, acyanophilic and with an ortochromatic reaction. Basidia (23-)30-50 (-53) × (10-)12-15(-19) μm (n = 25), cylindrical to cylindricalclavate, rarely truly clavate, moderately thick-walled (0.5-1.0 μm), predominantly four-spored but frequently also three-, two-, or one-spored, with relatively long sterigmata (3-6 μm, although 15 μm long sterigmata were observed on one anomalous basidium), hyaline to pale yellowish and containing straw-yellow oil guttules in water and KOH, without basal clamps; basidioles clavate, about the same size as basidia. Cheilocystidia (32-)38-66(-68) × 6-12 μm (n = 20), common, projecting straight to sometimes flexuous, fusiform to subcylindrical or rarely ventricose-fusiform, with long neck and rounded tip, occasionally clavate, smooth, moderately thick-walled (0.5-1.0 μm), hyaline to pale yellowish in water and KOH, straw yellow (inamyloid) in Melzer's, without epiparietal encrustations. Pleurocystidia (40-)59-76(-80) × (8-)12-18(-20) μm (n = 25), color, shape and chemical reactions as in cheilocystidia, but slightly longer and distinctly broader, predominantly ventricose-fusiform (a single cystidium with a diverticulate tip was observed), infrequent; pseudocystidia not observed. Pileipellis a trichoderm consisting of strongly interwoven, filamentous and sinuous, often branched hyphae not constricted at septa, tending to be repent in the outermost layer and thus turning into a cutis partially embedded in gelatinous matter; terminal elements [259/20/10] (30.0-)44.2 ± 8.4 (-55.5) × (7.0-)8.0 ± 0.4(-8.5) μm, Q = (4.01-)5.67 ± 0.95(-7.14), cylindrical, some short and acorn-shaped or bullet-shaped, occasionally cystidioid, apex rounded-obtuse and enlarged or tapered, moderately thick-walled (0.5-1.0 μm), nearly hyaline to pale yellowish in KOH, smooth or rarely ornamented with subtle granular epiparietal encrustations; subterminal elements similar in shape, color and dimensions with terminal ones. Stipitipellis a texture of slender, subparallel to loosely intermingled and longitudinally running, smooth-walled, adpressed hyphae, 3-11 μm wide, hyaline in water and KOH; the stipe apex covered by a well developed caulohymenial layer consisting of sterile caulobasidioles, fertile sporebearing caulobasidia and projecting caulocystidia similar in shape, color, dimensions and chemical reactions to the pleurocystidia. Lateral stipe stratum under the caulohymenium present and well differentiated from the stipe trama, of the "boletoid type", at the stipe apex a 40-80 μm thick layer consisting of divergent, inclined, running toward the external surface, loosely intermingled and unbranched or sparingly branched hyphae remaining separate from each other and embedded in a gelatinous substance; the stratum reducing during development and finally disappearing at maturity. Stipe trama composed of densely arranged, loosely to strongly interwoven, filamentous, smooth, inamyloid hyphae, 2-13 μm broad, hyaline to pale yellowish in water and KOH. Hymenophoral trama bilateral-divergent of the "Boletus-type", with moderately to distinctly divergent and loosely arranged, gelatinized hyphae, lateral strata hyphae in transversal section remaining separate and (1-)4-7(-10) μm apart, hyaline in water and KOH, inamyloid in Melzer's; lateral strata (10-)15-40 μm thick, mediostratum 15-40 μm thick, consisting of a tightly adpressed, not gelatinized bundle of hyphae, 3-13 μm wide; in Congo red the mediostratum is darker than the lateral strata; oleiferous hyphae present. Basal mycelium consisting of subparallel to loosely intermingled, densely arranged, unbranched, filamentous, sinuous, inamyloid, smooth-walled hyphae, 3-17 μm broad, wall up to 1.0 μm thick, hyaline to pale yellowish in water and KOH. Clamp connections absent in all tissues. Hyphal system monomitic. Edible. Pulchroboletus roseoalbidus is circumscribed by its medium-small size, pale pastel pink, creampink to whitish with pinkish hues or rarely evenly blood red pileus, yellow to olive hymenophore, tapered and deeply rooting yellow stipe covered with reddish punctuations, especially in the lower half, whitish basal mycelium, a yellowish context that is bright pinkish lilac in the peripheral zones of the pileus (at times pinkish overall in the pileus) and tissues that quickly bruise blue on injury. The stipe of P. roseoalbidus is generally devoid of reticulum, although a narrow ring-like pattern of coarse granules is nearly always visible, but sometimes it is ornamented by a rough net or ribs In the original diagnosis of P. albopruinosus the only major discrepancy was the spore size, which is dramatically smaller than that of P. roseoalbidus (Cetto 1987) . This divergence, however, was later shown to be measurement error (Alessio 1990) . The taxonomic attribution to the genus Pulevoroboletus is also questionable because it was based on the presumed solubility of the yellow pigment of the hymenium, a character not included in the delimitation of the genus (Singer 1986) and moreover not detected on P. albopruinosus specimens (Simonini and Fiandri 1989). Based on molecular analysis (Fig. 1) Compared with Alessioporus and Pulchroboletus, the genus Hemileccinum is morphologically distinguished by its medium-large to relatively large size, the pileus surface staining violet with NH4OH, its small, roundish pores, the stipe covered by a scabrous, concolorous ornamentation at least in early developmental stages, unstaining tissues, an iodine-like odor at the stipe base, the lateral stipe stratum of the "leccinoid type" (i. Alessioporus and Pulchroboletus taxonomy and biogeography: This is the first study to investigate evolutionary phylogenetic relationships of the boletoid Mediterranean taxa Alessioporus ichnusanus and Pulchroboletus roseoalbidus. The two species are ecologically and ontogenetically similar, with their affinities being implemented and strongly corroborated by molecular inference, yet distinct at the generic level from morphological and phylogenetic perspectives (Table II, Fig. 1 ). Molecular phylogenetic inference confirmed their kinship and showed that these two species represent well supported but distinct lineages within the Hypoboletus group, justifying their formal description. Table II. Comparison of the main morphological differences between A. ichnusanus and P. roseoalbidus
The unusual synapomorphic traits of A. ichnusanus and P. roseoalbidus are: (i) yellow-olive hymenophore, (ii) narrow pseudo-annulus on the stipe, (iii) rooting stipe with whitish basal mycelium, (iv) overall dark indigo staining reaction on rubbing or exposure to air, (v) mild flavor, (vi) olive-brown spore print, (vii) smooth spores with both light microscopy and SEM, (viii) pileipellis a trichoderm of interwoven, filamentous hyphae, (ix) hymenophoral trama of the "Boletus-type", (x) fertile stipe surface and "boletoid" lateral stipe stratum, (xi) unusual growth, with both species always occurring gregariously and very often caespitose or irregularly branched with various basidiomes clustered at the base, usually in groups of 5-8 connate but occasionally as many as 12 (Alessio 1985, Galli 2007). The two taxa can be morphologically distinguished following the characters (Table II) .
The distinctive set of microscopic characters of Alessioporus and Pulchroboletus do not fit well with either Xerocomus s.s., Xerocomellus Šutara or Hemileccinum Šutara, according to the remarkable anatomical analyses of Šutara (2005, 2008) . They seems to be more congruent with the very broad concept of Boletus s.l. defined by Šutara (2008), underlying the controversial taxonomic position of the two species presently examined (Oolbekkink 1991).
Ontogenetic development of basidiomes appears to be taxonomically relevant and may be treated as one of the most reliable and phylogenetically informative morphological features, suggesting a close affinity of the two species. According to the different ontogenetic patterns proposed by Reijnders (1948 Reijnders ( , 1963 . This feature appears to be unique to Alessioporus and Pulchroboletus within the European Boletaceae. As noted above, remnants of the connection between stipe and pileus often are observed as a narrow, granulose "ring-zone" in the middle-lower part of the stipe of A. ichnusanus (Fig. 2G, H ) and in the middleupper part of the stipe of P. roseoalbidus (Fig. 4E) . Singer (1986) accepts various types of basidiome development in Xerocomus s.l. In most species it is gymnocarpic but also paravelangiocarpic; however there is no mention of secondary angiocarpy. The development of many boletes is characterized by an early stage in which the pileus margin develops by curving inward until it touches and pushes onto the stipe surface. In gymnocarpic boletes this development happens without any disturbance of the stipe surface structure, where hyphae remain parallel (see Reijnders [1963: 32, Pl. 2] for Boletus subtomentosus L.). In boletes with a secondary angiocarpy, this phenomenon causes an alteration of the stipe arrangement; at the stipe apex, in the region affected by adhesion with pileus margin, the hyphae of the lateral stratum protrude outward and contribute to veil formation, merging with the hyphae coming from the pileus surface (mixangiocarpy). According to Reijnders (1963) . The structural alteration of the stipe layer, generated by connection with the pileus margin, occurs in Alessioporus and Pulchroboletus in a similar way as in the Suillus species mentioned by Reijnders. In A. ichnusanus and P. roseoalbidus, the veil is filamentous and ephemeral, and appears in some primordia to be generated by a "swiping" of the pileus margin onto the stipe surface, which soon disappears. In some cases, the connection between the pileus and stipe does not seem to occur, leaving no trace of the ring-like pattern. In other cases however the adhesion between pileus and stipe is more pronounced and the veil appears persistent and disrupts only at maturity to allow spores discharge, or exceptionally it may be permanent and does not open at all, simulating a truly angiocarpic behavior with a tendency toward gasteromycetization (Fig. 4G, H) .
Both genera share noticeable ecological requirements because they are heliophilous and occur in xero-thermophilic forest ecosystems, mostly associated with pure or mixed evergreen sclerophyllous and deciduous oak communities with which they show a certain degree of specificity (Quercus cerris, Q. ilex and Q. suber are the preferential ectomycorrhizal partners). They also may be found however with other fagaceous hosts such as Castanea sativa ( These boletes are rarely encountered even in their preferred habitat and gradually decrease in frequency toward the north. Their distribution patterns appear to be somewhat restricted and predominantly meridional, and they are reported only from southern European countries, extending eastward into Balcans and as far north as Austria and Hungary. Their presence all over the Mediterranean basin, including lowland coastal regions of northern Africa and western Middle East with similar environmental conditions cannot be excluded. A. ichnusanus and P. roseoalbidus are presently considered rare and potentially threatened taxa, inasmuch as they are documented only from a few locations across their known ranges.
As stated above, the type collection of A. ichnusanus was discovered in R. Galli's personal herbarium, but no holotype material is available for P. roseoalbidus. Authentic collections of both taxa identified by C.L. Alessio from Sardinia in the 1980s were found in E. Rebaudengo's personal herbarium; however there is no way to establish with certainty whether they come from the type localities. Furthermore the dried samples were preserved in poor condition and repeated attemps to extract DNA were unsuccessful. Accordingly, we decided to anchor the names A. ichnusanus and P. roseoalbidus by epitypification with recent Sardinian samples from which we were able to obtain good ITS, nrLSU and tef-1α sequences and that might prove adequate for future investigations.
